Table 1. Effect of FMD vaccination on fresh seminal attributes of Murrah buffalo bulls (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)
	
	High Fertile
	Low Fertile

	Sperm Parameters
	-15
	0
	15
	30
	45
	60
	-15
	0
	15
	30
	45
	60

	Volume (mL)
	2.79fgA±
0.07
	3.06deCD ±
0.08
	5.27bA±
0.09
	3.92dD±
0.01
	2.92deCD±
0.08
	3.17eC±
0.07
	2.54fA±
0.07
	2.77fgCD ±
0.08
	5.83aD±
0.07
	4.31cD±
0.08
	2.71fgCD±
0.09
	2.92deC±
0.07

	MM (0-5)
	3.29aAB±
0.04
	3.10bcBC±
0.06
	1.54fE±
0.05
	2.48eD±
0.04
	3.08cC±
0.05
	3.31bA±
0.05
	2.96cdAB±
0.05
	2.96cdBC±
0.08
	1.39fE±
0.05
	2.39eD±
0.09
	2.83dC±
0.05
	3.13abcA±
0.06

	Sperm concentration (million/mL)
	1195.38abAB
±
22.85
	1178.54abAB
±
19.57
	663.29eD
±
8.38
	951.08dC
±
15.17
	1160.38abB±
18.04
	1227.83aA
±
15.03
	1120.79bcAB
±
24.69
	1132.17bcAB
±
27.07
	534.38eD
±
20.99
	930.25dC
±
26.93
	1097.63cB
±
24.16
	1161.25abcA±
27.24

	PM (%)
	82.08abA±
0.66
	80.42bcB±
0.78
	49.38hE±
0.69
	60.33fD±
0.45
	78.75cdC±
0.48
	82.50aA±
0.71
	77.92dA±
0.45
	76.88dB ±
0.61
	44.58iE±
0.65
	57.79gD±
0.36
	74.58eC
±
0.49
	78.33dA±
0.46

	NEC (%)
	89.23abAB±
0.34
	88.00bcB±
0.58
	55.83hE±
1.09
	70.31fD±
0.57
	85.35deC±
0.58
	90.06aA±
0.42
	87.27cAB±
0.43
	84.88cdB ±
0.59
	54.06hE±
0.66
	67.00gD±
0.53
	84.58eC±
0.47
	88.60abcA±
0.36

	HOST (%)
	72.83abAB±
0.19
	71.35bcB±
0.38
	41.19gE±
0.50
	55.71fD±
0.44
	69.58dC±
0.41
	73.38aA±
0.35
	71.39bcAB±
0.29
	68.88cdB±
0.32
	39.35hE±
0.45
	50.33eD±
0.28
	69.33dC±
0.32
	71.79abcA±
0.36

	Acrosome integrity (%)
	89.88aAB±
0.39
	88.38abB±
0.48
	58.94gE±
0.95
	70.71fD±
0.44
	[bookmark: OLE_LINK185]85.50dC±
0.38
	90.04aA±
0.23
	88.21abAB±
0.29
	87.38bcB±
0.27
	[bookmark: OLE_LINK193]57.10hE±
[bookmark: OLE_LINK194]0.50
	[bookmark: OLE_LINK195]66.15eD±
[bookmark: OLE_LINK196]0.42
	[bookmark: OLE_LINK197]83.73cdC±
[bookmark: OLE_LINK198]0.30
	[bookmark: OLE_LINK199]88.38abA±
[bookmark: OLE_LINK200]0.33

	Sperm abnormality

	Head (%)
	[bookmark: OLE_LINK201]2.38fD±
[bookmark: OLE_LINK202]0.11
	[bookmark: OLE_LINK203]2.85efB±
[bookmark: OLE_LINK204]0.15
	[bookmark: OLE_LINK205]5.02aA±
[bookmark: OLE_LINK206]0.19
	[bookmark: OLE_LINK207]3.06cdeBC±
[bookmark: OLE_LINK208]0.07
	[bookmark: OLE_LINK209]2.85efCD±
[bookmark: OLE_LINK210]0.17
	[bookmark: OLE_LINK211]2.50efD±
0.17
	2.92defD±
[bookmark: OLE_LINK214]0.21
	[bookmark: OLE_LINK215]3.27bB±
[bookmark: OLE_LINK216]0.23
	[bookmark: OLE_LINK217]5.24aA±
[bookmark: OLE_LINK218]0.20
	[bookmark: OLE_LINK219]3.52cdBC±
[bookmark: OLE_LINK220]0.14
	[bookmark: OLE_LINK221]3.04cdeCD±
[bookmark: OLE_LINK222]0.21
	[bookmark: OLE_LINK223]2.58efD±
0.16

	MP (%)
	2.71gE±
0.17
	2.94fgC±
0.17
	5.44aA±
0.21
	3.92cdB±
0.17
	3.29efCD±
0.15
	2.65gDE±
0.13
	3.10efgE±
0.13
	4.29bcC±
0.20
	5.79aA±
0.20
	4.56bB±
0.19
	3.56deCD±
0.16
	3.42defDE
±
0.13

	Tail (%)
	4.13cC±
0.11
	2.48deD±
0.20
	9.25aA±
0.34
	6.65bB±
0.28
	4.42cB±
0.27
	3.79cdC±
0.22
	4.50cC±
0.21
	2.85eD±
0.19
	9.67aA±
0.34
	7.27bB±
0.26
	4.60cC±
0.21
	4.06cC±
0.18

	Total Abn (%)
	9.02efDE±
0.35
	9.96defCD±
0.32
	19.50aA±
0.34
	13.58bcB±
0.30
	10.60defC±
0.32
	8.92fD±
0.27
	10.50defDE±
0.33
	10.90deCD±
0.48
	20.35aA±
0.19
	15.31bB±
0.31
	11.75cdC±
0.43
	10.10defDE±
0.36


Means bearing different superscripts A, B, C, D, E within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, d, e, f, g, h within same column differ significantly (p<0.05) within the groups
Abbreviations: VM: Volume (mL), MM: Mass Motility (0-5), Sperm concentration (million/ml), PM: Progressive Motility (%), NEC: Non-eosinophilic counts (%), HOST: Hypo Osmotic Swelling Test (%), AI: Acrosome integrity (%), MP: Mid piece (%), Total Abn: Total abnormality













Table 2 Effect of FMD vaccination on pre-freeze semen quality parameters of Murrah buffalo bulls (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)
	
	High Fertile
	Low Fertile

	Sperm Parameters
	-15
	0
	15
	30
	45
	60
	-15
	0
	15
	30
	45
	60

	IPM (%)
	[bookmark: OLE_LINK226]73.75abA±
0.47
	[bookmark: OLE_LINK227]73.33abcA±
[bookmark: OLE_LINK228]0.51
	[bookmark: OLE_LINK229]46.04hE±
[bookmark: OLE_LINK230]0.66
	[bookmark: OLE_LINK231]58.75fD±
[bookmark: OLE_LINK232]0.45
	[bookmark: OLE_LINK233]71.04cdC±
[bookmark: OLE_LINK234]0.56
	[bookmark: OLE_LINK235]75.21aB±
0.57
	70.63deB±
0.03
	71.25cdA±
0.70
	[bookmark: OLE_LINK241]42.71eE±
[bookmark: OLE_LINK242]0.47
	[bookmark: OLE_LINK243]54.25gD±
[bookmark: OLE_LINK244]0.58
	[bookmark: OLE_LINK245]68.54eC±
[bookmark: OLE_LINK246]0.45
	[bookmark: OLE_LINK247]72.29bcdA±
[bookmark: OLE_LINK248]0.45

	NEC (%)
	[bookmark: OLE_LINK249]82.21abA±
0.44
	81.13abcB±
[bookmark: OLE_LINK252]0.53
	[bookmark: OLE_LINK253]54.75gE±
[bookmark: OLE_LINK254]0.76
	[bookmark: OLE_LINK255]68.90fD±
[bookmark: OLE_LINK256]0.69
	[bookmark: OLE_LINK257]79.10dC±
[bookmark: OLE_LINK258]0.62
	[bookmark: OLE_LINK259]82.46aA±
[bookmark: OLE_LINK260]0.42
	[bookmark: OLE_LINK261]80.79bcA±
0.19
	79.77cdB±
[bookmark: OLE_LINK264]0.45
	[bookmark: OLE_LINK265]51.85hE±
[bookmark: OLE_LINK266]0.52
	[bookmark: OLE_LINK267]65.54fD±
[bookmark: OLE_LINK268]0.41
	[bookmark: OLE_LINK269]77.42eC±
[bookmark: OLE_LINK270]0.45
	[bookmark: OLE_LINK271]81.27abcA±
[bookmark: OLE_LINK272]0.27

	HOST (%)
	[bookmark: OLE_LINK273][bookmark: OLE_LINK401]67.85abAB±
[bookmark: OLE_LINK274]0.60
	[bookmark: OLE_LINK275]65.99abcB±
[bookmark: OLE_LINK276]0.71
	[bookmark: OLE_LINK277]39.25fE±
[bookmark: OLE_LINK278]0.70
	[bookmark: OLE_LINK279]50.65eD±
[bookmark: OLE_LINK280]0.69
	[bookmark: OLE_LINK281]63.58cdC±
[bookmark: OLE_LINK282]0.66
	[bookmark: OLE_LINK283]67.29aA±
[bookmark: OLE_LINK284]0.68
	[bookmark: OLE_LINK285]65.54abcAB±
[bookmark: OLE_LINK286]0.28
	[bookmark: OLE_LINK287]64.23bcdB ±
[bookmark: OLE_LINK288]0.18
	[bookmark: OLE_LINK289]36.60fE±
[bookmark: OLE_LINK290]0.40
	[bookmark: OLE_LINK291]46.13eD±
[bookmark: OLE_LINK292]0.36
	[bookmark: OLE_LINK293]62.21dC±
[bookmark: OLE_LINK294]0.28
	[bookmark: OLE_LINK295]66.04abcA±
[bookmark: OLE_LINK296]0.16

	AI (%)
	86.46aAB±
0.18
	84.88abcB±
0.34
	55.27fE±
[bookmark: OLE_LINK297]1.03
	66.71eD±
0.82
	82.73cC±
0.37
	86.65aA±
0.33
	85.33abcAB±
0.27
	83.69bcB ±
0.30
	51.54fE±
0.75
	63.21dD±
0.46
	[bookmark: OLE_LINK298]80.56cC±
0.30
	84.69abA±
0.26

	Sperm abnormality (%)

	Head (%)
	[bookmark: OLE_LINK299]2.75cdeCD±
0.16
	2.73cdeD±
0.10
	5.67aA±
0.14
	3.58bcB±
0.18
	3.38bcdC±
0.24
	2.42eE±
0.19
	3.44bcdCD±
0.18
	3.13cdeD ±
0.19
	5.98aA±
0.14
	4.21bB±
0.21
	3.52bcdC±
0.18
	2.60deE±
0.13


	MP (%)
	[bookmark: OLE_LINK300]3.23deCD±
0.09
	3.17deCD±
0.17
	5.02bA±
0.14
	3.38deB±
0.11
	3.42deBC±
0.18
	3.06eD±
0.14
	3.31deCD±
0.12
	3.48deCD±
0.16
	5.56aA±
0.11
	4.06cB±
0.10
	3.58dBC±
0.15
	3.23deD±
0.12

	Tail (%)
	[bookmark: OLE_LINK301]3.83dD ±
0.19
	[bookmark: OLE_LINK302]4.38cdC±
0.13
	8.38aA±
0.32
	6.23bB±
0.20
	4.40cdC±
0.16
	3.94dCD±
0.14
	4.17cdD±
0.25
	4.65cC±
0.19
	8.54aA±
0.22
	6.19bB±
0.19
	4.73cC±
0.22
	4.48cdCD±
0.19

	Total Abn (%)
	[bookmark: OLE_LINK303]9.71hDE±
0.33
	10.40fghCD±
0.21
	19.42bA±
0.38
	13.48dB±
0.28
	10.98fgC±
0.31
	9.58hE±
0.22
	11.00fgDE±
0.30
	11.21fCD±
0.24
	20.38aA±
0.24
	14.77cB±
0.25
	12.04eC±
0.23
	10.15ghE±
0.24


Means bearing different superscripts A, B, C, D within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, d, e within same column differ significantly (p<0.05) within the groups

Abbreviations: PM: Progressive motility (%), NEC: Non-eosinophilic counts (%), HOST: Hypo Osmotic Swelling Test (%), AI: Acrosomal integrity (%), MP: Mid piece (%), Total Abn: Total abnormality



Table 3. Effect of FMD vaccination on post-thaw semen quality parameters of Murrah buffalo bulls (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)
	
	High Fertile
	Low Fertile

	Sperm Parameters
	-15
	0
	15
	30
	45
	60
	-15
	0
	15
	30
	45
	60

	PTM (%)
	[bookmark: OLE_LINK304]57.08aAB
±
[bookmark: OLE_LINK305]0.47
	[bookmark: OLE_LINK306]55.00bB±
[bookmark: OLE_LINK307]0.59
	[bookmark: OLE_LINK308]32.50fE±
[bookmark: OLE_LINK309]0.72
	[bookmark: OLE_LINK310]42.08dD±
[bookmark: OLE_LINK311]0.65
	[bookmark: OLE_LINK312]52.92cC±
[bookmark: OLE_LINK313]0.77
	[bookmark: OLE_LINK314]57.29aA±
[bookmark: OLE_LINK315]0.66
	[bookmark: OLE_LINK316]53.75bcAB±
[bookmark: OLE_LINK317]0.53
	[bookmark: OLE_LINK318]52.29cB±
[bookmark: OLE_LINK319]0.51
	[bookmark: OLE_LINK320]30.83fE±
[bookmark: OLE_LINK321]0.56
	[bookmark: OLE_LINK322]38.67eD±
[bookmark: OLE_LINK323]0.64
	[bookmark: OLE_LINK324]50.42dC±
[bookmark: OLE_LINK325]0.58
	[bookmark: OLE_LINK326]53.96bcA±
[bookmark: OLE_LINK327]0.78

	NEC (%)
	[bookmark: OLE_LINK328]65.21aA±
[bookmark: OLE_LINK329]0.48
	[bookmark: OLE_LINK330]64.08abB±
[bookmark: OLE_LINK331]0.40
	[bookmark: OLE_LINK332]41.90gE±
[bookmark: OLE_LINK333]0.82
	[bookmark: OLE_LINK334]50.54eD±
[bookmark: OLE_LINK335]0.95
	[bookmark: OLE_LINK336]62.40bcC±
[bookmark: OLE_LINK337]0.57
	[bookmark: OLE_LINK338]65.27aA±
[bookmark: OLE_LINK339]0.41
	[bookmark: OLE_LINK340]63.58abA±
[bookmark: OLE_LINK341]0.41
	[bookmark: OLE_LINK342]61.33cdB±
[bookmark: OLE_LINK343]0.42
	[bookmark: OLE_LINK344]38.75hE±
[bookmark: OLE_LINK345]0.42
	[bookmark: OLE_LINK346]45.38fD±
[bookmark: OLE_LINK347]0.57
	[bookmark: OLE_LINK348]58.90dC±
[bookmark: OLE_LINK349]0.62
	[bookmark: OLE_LINK350]63.94abcA±
0.33

	HOST (%)
	52.31abA±
0.23
	[bookmark: OLE_LINK351]52.04abcAB±
[bookmark: OLE_LINK352]0.22
	[bookmark: OLE_LINK353]34.44fD±
[bookmark: OLE_LINK354]0.71
	[bookmark: OLE_LINK355]40.02eC±
[bookmark: OLE_LINK356]0.57
	[bookmark: OLE_LINK357]50.90deB±
[bookmark: OLE_LINK358]0.41
	[bookmark: OLE_LINK359]52.56aA±
[bookmark: OLE_LINK360]0.41
	[bookmark: OLE_LINK361]51.29abcdA±
[bookmark: OLE_LINK362]0.23
	[bookmark: OLE_LINK363]51.06bcdAB±
[bookmark: OLE_LINK364]0.30
	[bookmark: OLE_LINK365]32.38fD±
0.73
	[bookmark: OLE_LINK367]37.19eC±
[bookmark: OLE_LINK368]0.37
	[bookmark: OLE_LINK369]50.00dB±
[bookmark: OLE_LINK370]0.32
	[bookmark: OLE_LINK371]51.60abcA±
[bookmark: OLE_LINK372]0.27

	AI (%)
	71.48aA±
0.47
	[bookmark: OLE_LINK373]69.08bB±
[bookmark: OLE_LINK374]0.61
	[bookmark: OLE_LINK375]40.63gE±
[bookmark: OLE_LINK376]0.49
	[bookmark: OLE_LINK377]52.69dD±
[bookmark: OLE_LINK378]0.69
	[bookmark: OLE_LINK379]65.98cC±
[bookmark: OLE_LINK380]0.81
	[bookmark: OLE_LINK381]71.65aA±
[bookmark: OLE_LINK382]0.54
	[bookmark: OLE_LINK383]66.90bcA±
[bookmark: OLE_LINK384]0.36
	[bookmark: OLE_LINK385]65.44cdB±
[bookmark: OLE_LINK386]0.40
	[bookmark: OLE_LINK387]38.23hE±
[bookmark: OLE_LINK388]0.56
	[bookmark: OLE_LINK389]48.23fD±
[bookmark: OLE_LINK390]0.52
	[bookmark: OLE_LINK391]63.63dC±
[bookmark: OLE_LINK392]0.39
	[bookmark: OLE_LINK393]67.04bcA±
[bookmark: OLE_LINK394]0.52

	Sperm abnormality (%)

	Head (%)
	[bookmark: OLE_LINK395]3.65cdeCD ±
0.19
	3.52deCD ±
0.26
	6.40aA ±
0.23
	4.48bcB ±
0.34
	3.88cdeC ±
0.17
	3.31eD ±
0.26
	3.92cdeCD ±
0.28
	3.88cdeCD ±
0.28
	6.56aA ±
0.29
	4.81bB ±
0.27
	4.23bcdC ±
0.31
	3.42deD ±
0.32

	MP (%)
	[bookmark: OLE_LINK396]3.67deC ±
0.19
	3.75cdeC ±
0.22
	5.79bA ±
0.23
	4.40cB ±
0.22
	4.06cdeBC ±
0.25
	3.56eC ±
0.22
	4.06cdeC ±
0.16
	4.23cdeC ±
0.20
	6.58aA ±
0.23
	5.19bB ±
0.31
	4.38cdBC ±
0.16
	3.96cdeC ±
0.20

	Tail (%)
	[bookmark: OLE_LINK397]4.52fC ±
0.27
	[bookmark: OLE_LINK398]4.81efC ±
0.21
	9.06bA ±
0.32
	6.83cB ±
0.25
	4.92ef C±
0.21
	4.81efC ±
0.21
	5.46deC ±
0.29
	5.60deC ±
0.28
	9.83aA ±
0.35
	7.44cB ±
0.32
	5.96dC ±
0.22
	5.79dC ±
0.26

	Total Abn (%)
	[bookmark: OLE_LINK399]11.88ghCD ±
0.44
	[bookmark: OLE_LINK400]12.10fghCD ±
0.43
	21.21bA ±
0.43
	16.02dB ±
0.45
	12.96efghC ±
0.43
	11.73hD ±
0.46
	13.44efCD ±
0.45
	13.60eCD ±
0.44
	23.33aA ±
0.54
	17.44cB ±
0.50
	14.31eC ±
0.46
	13.25efgD ±
0.53


Means bearing different superscripts A, B, C, D, E within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, d within same column differ significantly (p<0.05) within the groups
Abbreviations: PTM: Post-thaw motility (%), NEC: Non-eosinophilic counts (%), HOST: Hypo Osmotic Swelling Test (%), AI: Acrosome integrity (%), MP: Mid piece (%), Total Abn: Total abnormality (%). 


Table 4. Effect of FMD vaccination on membrane integrity (CFDA-PI) assay of Murrah buffalo bull sperm (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination Schedule
(Days)
	High fertile
	Low fertile

	
	
	Live
	Moribund
	Dead
	Live
	Moribund
	Dead

	


Carboxyfluorescein Diacetate 
(CFDA-PI)
	-15
	66.56aA ± 
0.37
	11.23cdF ± 0.17
	21.60eC ± 0.44
	62.94cA ±  0.36
	11.50dF ± 0.17 
	25.56cC ±  0.47

	
	0
	64.42bB ±
0.40
	12.38cD ± 0.29
	23.21dC ± 0.52
	61.27dB ± 0.45
	13.96bD± 0.36
	24.77cC ± 0.70

	
	15
	40.35eE ±
0.31
	27.13aA ± 0.23
	30.52bA ± 0.37
	39.29fE± 0.32
	28.50aA ± 0.23
	32.21aA± 0.41

	
	30
	51.44eD ± 
0.42
	22.00bB ±
0.29
	26.56abB ± 0.51
	50.00fD± 0.38
	22.88aB ± 0.23
	27.13aB ± 0.44

	
	45
	59.06eC ± 
0.44
	16.49aC ±
0.24
	24.04aC ± 0.48
	58.83eC ± 0.35
	16.85aC± 0.26
	24.31abC ± 0.38

	
	60
	65.73abA ± 
0.41
	11.94bcdE ± 0.18
	22.33cC ± 0.38
	62.73deA± 0.43
	12.56bE± 0.14
	24.71abC ± 0.39


Means bearing different superscripts A, B, C, D, E within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, e, f within same column differ significantly (p<0.05) within the groups






Table 5. Effect of FMD vaccination on acrosome integrity by fluorescein isothiocyanate (FITC-PNA) assay of Murrah buffalo bull semen (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination Schedule
(Days)
	High fertile
	Low fertile

	
	
	LAI
	LAR
	DAI
	DAR
	LAI
	LAR
	DAI
	DAR

	Fluorescein isothiocyanate 
(FITC-PNA)

	-15
	60.29aA ±
0.44
	8.13dE ±
0.14
	11.73bA ±
0.25
	19.85dD±
0.62
	58.60bA ± 0.38
	8.19cdE ± 0.11
	11.25bA ± 0.22
	21.96cD ± 0.49

	
	0
	58.58bB ±
0.36
	8.81bcC ± 
0.16
	11.48bA ±0.18
	21.13cdD±
0.42
	57.40cB ± 0.31 
	8.98bC ± 0.14
	11.50bA ± 0.17 
	22.13cD± 0.28

	
	15
	37.27dE ±
0.32
	10.50aA ±
0.19
	21.88aA ±
0.17
	30.35bA ±
0.33
	35.88eE± 0.33
	10.67aA ± 0.24
	21.83aA ± 0.18
	32.02aA ± 0.41

	
	30
	49.63dD ±
0.45
	9.85aB ±
0.17
	13.83aB ±
0.22
	26.69bB ±
0.52
	47.89eD± 0.39
	10.05aB ± 0.16
	13.42aB ± 0.20
	28.44aB ± 0.45

	
	45
	53.58dC ±
0.43
	9.29aC ±
0.14
	12.79aC ±
0.13
	24.33bC ±
0.42
	52.23eC± 0.38
	9.39aC ± 0.12
	12.39aC ± 0.14
	25.79aC ± 0.36

	
	60
	61.10aA ±
0.38
	8.54cC ±
0.09
	11.69aA ±
0.14
	18.67cE±
0.33
	58.88cA ± 0.42
	9.23aC ± 0.15
	11.77aA ± 0.14
	20.13bcE ± 0.36


Means bearing different superscripts A, B, C, D, E within same row differ significantly (p<0.05) between the groups
Means bearing different superscripts a, b, c, e within same column differ significantly (p<0.05) within the groups
	

Table 6. Effect of FMD vaccination on sperm Protamine deficiency (CMA3) assay of Murrah buffalo bull semen (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination Schedule (Days)
	High fertile
	Low fertile

	Protamine deficiency 
(CMA3)
	-15
	1.15eAD ± 0.05
	2.27cA ± 0.10

	
	0
	1.48dAD ± 0.08
	2.25cCD ± 0.07

	
	15
	2.63bA ± 0.09
	3.08aA ± 0.07

	
	30
	2.04cB ± 0.07
	2.65aB ± 0.07

	
	45
	1.52bC ± 0.07
	2.29aCD ± 0.06

	
	60
	1.17cD ± 0.06
	2.19aE ± 0.08


Means bearing different superscripts A, B, C, D within same row differ significantly (p<0.05) between the groups
Means bearing different superscripts a, b, c, d, e within same column differ significantly (p<0.05) within the groups
Abbreviations: CMA3: Chromomycin A3







Table 7. Effect of FMD vaccination on sperm apoptosis (Annexin-V) assay of Murrah buffalo bull semen (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination Schedule
(Days)
	High fertile
	Low fertile

	
	
	Apoptotic
	Viable (Non- apoptotic)
	Necrotic
	Apoptotic
	Viable (Non- apoptotic)
	Necrotic

	Sperm apoptosis (Annexin-V)
	-15
	2.21dA ± 0.13
	67.08aAB ± 0.46
	30.71deDE ± 0.42
	4.00cB ± 0.19
	63.81bAB ± 0.41
	32.19cdDE ± 0.38

	
	0
	2.17dD ± 0.08
	66.92aB ± 0.31
	30.92dCD ± 0.30
	4.10cD ± 0.12
	63.35bB ± 0.35
	32.56cCD ± 0.34

	
	15
	5.94bA ± 0.18
	49.44cE ± 0.33
	44.63bA ± 0.36
	6.63aA ± 0.11
	46.81dE ± 0.25
	46.56aA ± 0.26

	
	30
	4.03abB ± 0.13
	57.73dD ± 0.37
	38.24aB ± 0.38
	4.65aB ± 0.11
	55.69cD ± 0.38
	39.66bB ± 0.37

	
	45
	2.77bC ± 0.10
	65.81bC ± 0.33
	31.42bcdC ± 0.31
	4.15aC ± 0.11
	62.52dC ± 0.32
	33.33aC ± 0.30

	
	60
	2.06bD ± 0.11
	68.35aA ± 0.37
	29.58dE ± 0.37
	3.81aD ± 0.12
	64.23cA ± 0.32
	31.96abcE ± 0.32


Means bearing different superscripts A, B, C, D, E within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, d, e within same column differ significantly (p<0.05) within the groups







Table 8. Effect of FMD vaccination on sperm Capacitation by Chlortetracycline (CTC) assay of Murrah buffalo bull sperm (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination
Schedule
(Days)
	High fertile
	Low fertile

	
	
	F- Pattern
	B- Pattern
	AR- Pattern
	F- Pattern
	B- Pattern
	AR- Pattern

	
Chlortetracycline (CTC)
	-15
	58.39aA± 0.35
	34.38aB ± 0.16
	7.23abA± 0.43
	56.85aB±0.25
	34.58aB ± 0.13
	8.56aB ± 0.34

	
	0
	57.88bB ± 0.31
	36.54bD ± 0.21
	7.23aCD ± 0.34
	54.04bB ±0.26
	36.58bD ± 0.19
	8.38aCD ± 0.33

	
	15
	27.60cE ± 0.39
	44.19cC ± 0.28
	28.21cA± 0.44
	24.55cE ±0.25
	43.35cC± 0.29
	30.09bA± 0.38

	
	30
	[bookmark: OLE_LINK646]40.02dD ± 0.27
	47.13aA ± 0.40
	12.85aB ± 0.37
	37.13dD ±0.29
	47.79aA± 0.26
	15.08aB ± 0.36

	
	45
	47.88dC± 0.24
	41.44aB± 0.24
	10.68cD± 0.32
	45.08dC±0.30
	42.50aB± 0.20
	12.42abcD±0.24

	
	60
	59.04aA ± 0.38
	34.33bE ± 0.21
	6.63bCD± 0.41
	56.88bA±0.39
	34.58bE ± 0.19
	8.54aCD± 0.41


Means bearing different superscripts A, B, C, D, E within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, d, e within same column differ significantly (p<0.05) within the groups
Abbreviations: F-Pattern: Non-capacitated (%), B- Pattern: Capacitated (%), AR-Pattern: Acrosome Reacted (%)






Table 9. Effect of FMD vaccination on sperm Capacitation by Protein Tyrosine Phosphorylation (PTP) assay of Murrah buffalo bull sperm (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	
Assay
	Vaccination Schedule
(Days)
	High fertile
	Low fertile

	
	
	A-pattern
	AE-pattern
	E-pattern
	MP-pattern
	A-pattern
	AE-pattern
	E-pattern
	MP-pattern

	
Protein Tyrosine Phosphorylation 
(PTP)
	-15
	4.81hiD
±
0.14
	3.54deBC
±
0.22
	4.02eD
±
0.12
	33.56hD
±
0.33
	5.42fghiD
± 
0.18
	4.19bBC
± 
0.15
	4.69dD
± 
0.14
	36.81gD
± 
0.53

	
	0
	4.77iD
±
0.13
	3.58deBC
± 
0.21
	4.06eD
±
0.12
	33.33hD
±
0.35
	5.46efgD
± 
0.16
	4.15bcBC
± 
0.15
	4.71dD
± 
0.13
	36.75gD
± 
0.49

	
	15
	7.04abA
±
0.14
	4.06bcA
±
0.16
	5.60abA
±
0.23
	48.92bA
±
0.53
	7.31aA
± 
0.15
	4.69aA
± 
0.15
	5.92aA
± 
0.22
	51.19aA
± 
0.49

	
	30
	6.42cdB
±
0.15
	3.69cdeB
±
0.12
	5.08bcdB
±
0.21
	44.13dB
±
0.46
	6.63bcB
± 
0.14
	4.33abB
± 
0.16
	5.31bcB
± 
0.19
	47.38cB
± 
0.53

	
	45
	5.79efC
±
0.15
	3.44eBC
±
0.11
	4.54deC
±
0.22
	39.31fC
±
0.49
	5.98deC
± 
0.15
	4.15bcBC
± 
0.13
	4.96cdC
± 
0.18
	42.48eC
± 
0.65

	
	60
	4.85ghiD
±
0.14
	3.25eC
±
0.09
	4.08eD
±
0.19
	33.92hD
±
0.41
	5.31efghD
± 
0.14
	3.94bcdC
± 
0.12
	4.63dD
± 
0.18
	36.98gD
± 
0.60


Means bearing different superscripts A, B, C, D within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, e, f, g, h within same column differ significantly (p<0.05) within the groups


Table 10. Effect of FMD vaccination on Mitochondrial Membrane Potential (JC-1) assay of Murrah buffalo bull semen (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination Schedule
(Days)
	High Fertile
	Low Fertile

	Mitochondrial Membrane Potential (JC-1)
	-15
	58.43abA±0.51
	54.38aB±0.32

	
	0
	57.77bcA± 0.15
	52.80bAB±0.38

	
	15
	38.08cB±0.41
	33.71cBC±0.38

	
	30
	50.79dAB±0.33
	44.85dD±0.35

	
	45
	56.88eC±0.24
	50.38eB±0.35

	
	60
	58.92aA±0.31
	54.52aAB±0.38


Means bearing different superscripts A, B, C, D within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, d, e within same column differ significantly (p<0.05) within the groups







Table 11. Effect of FMD vaccination on Lipid-peroxidation (MDA) assay of Murrah buffalo bulls (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)
	Assay
	Vaccination Schedule
(Days)
	High Fertile
	Low Fertile

	Lipid-peroxidation 
(MDA)
	-15
	3.38baA ± 0.04
	3.67cdA ± 0.03

	
	0
	3.48cdC ± 0.05
	3.80dC ± 0.04

	
	15
	6.09hB ± 0.04
	6.78hB ± 0.03

	
	30
	5.42fC ± 0.04
	5.68gC ± 0.05

	
	45
	4.29eD ± 0.07
	4.63eD ± 0.07

	
	60
	3.13cA ± 0.05
	3.49abA ± 0.05


Means bearing different superscripts A, B, C, D within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, e, f, g, h within same column differ significantly (p<0.05) within the groups









Table 12. Effect of FMD vaccination on Lipid-peroxidation (C11BODIPY581/591) assay of Murrah buffalo bull semen (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)

	Assay
	Vaccination Schedule
(Days)
	High Fertile
	Low Fertile

	Lipid-peroxidation (C11BODIPY581/591) (%)
	-15
	7.23aA±0.16
	8.38bcAB±0.20

	
	0
	7.79abB ±0.15
	8.63cB ±0.16

	
	15
	12.08dE±0.25
	13.06eE±0.28

	
	30
	9.60dD±0.24
	10.29eD±0.21

	
	45
	8.69cdC±0.17
	8.98dC±0.17

	
	60
	7.33aA±0.14
	8.14cdA±0.15


Means bearing different superscripts A, B, C, D within same row differ significantly (p<0.05) between the groups 
Means bearing different superscripts a, b, c, e, f, g, h within same column differ significantly (p<0.05) within the groups








Table 13. Effect of FMD vaccination on sperm kinetic parameters (CASA) of Murrah buffalo bull semen (Mean ± SE, N=24 high fertile and N=24 low fertile bull ejaculates)
	
	High Fertile
	Low Fertile

	CASA Parameters
	-15
	0
	15
	30
	45
	60
	-15
	0
	15
	30
	45
	60

	TM (%)
	61.61aA
± 0.45
	54.65abcB ±
4.21
	27.19fE ±
2.51
	35.86efCD ±
2.06
	45.77cdeC ±
0.42
	61.24abA ±
1.62
	52.99abcB ±
1.02
	51.35bcB ±
0.47
	25.46fE ±
3.52
	33.50deD±
2.12
	43.82cdC ±
1.32
	55.80abcAB ±
0.16

	PM (%)
	43.65bcBC ±
1.02
	38.83cdeC ±
1.93
	19.44hE ±
1.36
	26.33gD ±
2.16
	36.47defBC±
1.68
	47.35abA±
1.17
	36.84defABC±
2.38
	33.33efC ±
2.59
	11.89ghE ±
3.48
	21.78fBD±
0.55
	33.67cdABC ±
0.50
	44.86aA ±
0.48

	VAP (µm/sec)
	125.66aA ±
6.61
	120.57abAB±
7.24
	85.70deD ±
2.37
	105.54abcC ±
3.49
	114.29abB ±
4.90
	124.59abA ±
7.09
	112.61abA ±
1.61
	110.94abAB±
3.10
	78.28eD ±
2.55
	89.92cdeC±
2.92
	103.99bcdB ±
2.39
	116.39abA ±
2.85

	VSL (µm/sec)
	123.28aA ±
2.18
	115.24bcBC ±
3.48
	79.93hE
±
1.81
	101.03efD ±
3.61
	110.35cdC ±
3.60
	119.06abAB ±
3.12
	107.97deA ±
1.65
	102.05efBC ±
1.21
	75.18hE
±
1.08
	88.96gD ±
1.74
	97.23fC±
1.36
	106.81deAB ±
0.69

	VCL (µm/sec)
	224.39bAB ±
3.95
	218.70abB ±
4.92
	116.39hE ±
4.31
	152.28efD ±
3.72
	191.47cC ±
7.78
	226.55aA
±
8.22
	181.42cAB ±
3.99
	184.50cB ±
3.64
	102.87fgE ±
2.29
	137.42deD ±
4.14
	179.11cdC ±
3.35
	200.12bcA ±
4.91

	ALH (µm)
	8.40aA ±
0.64
	6.81bcAB ±
0.37
	4.39eD ±
0.20
	5.29deC ±
0.20
	6.53bcdB ±
0.41
	7.42abA ±
0.53
	6.75bcA ±
0.22
	6.47bcdAB ±
0.63
	4.07eD ±
0.01
	5.11cdeC ±
0.15
	6.07bcdB ±
0.38
	7.20abA ±
0.47

	BCF (Hz)
	34.35aA ±
2.05
	28.86bB ±
2.37
	16.46fD
±
0.79
	22.89deC ±
0.44
	28.32bB ±
0.63
	35.08aA
±
1.84
	24.33cdA ±
0.57
	21.07deB ±
1.63
	11.99gD ±
0.80
	17.09efC ±
1.37
	21.09deB ±
0.82
	26.5bcA ±
0.53

	STR (%)
	87.51aA  ±
2.08
	83.84abAB ±
2.11
	61.34eD
±
0.62
	73.13dC ±
1.06
	81.45bcB ±
1.29
	85.82abAB ±
1.46
	80.45bcA ±
0.72
	78.85bcAB ±
1.14
	53.59fD±
1.42
	70.12dC ±
1.12
	78.59cB±
1.66
	82.50bcAB ±
1.06

	LIN (%)
	57.74aA
±
2.78
	53.63abAB ±
2.20
	35.68dD ±
1.71
	45.96bcC ±
2.18
	49.66abcBC ±
2.09
	53.96abAB ±
1.92
	48.02bcA ±
2.39
	47.58bcAB ±
4.52
	26.82eD ±
4.47
	41.82cdC ±
1.49
	45.69bcBC ±
3.57
	49.25abcAB ±
3.68

	WOB (%)
	56.31abA ±
1.83
	55.13bcA ±
0.99
	73.63dC ±
1.24
	64.30dBC ±
1.23
	56.69cAB ±
1.99
	54.99abcA ±
1.52
	62.07abcA ±
0.81
	60.13aA ± 1.74
	76.09cC ±
2.72
	65.43cBC ±
2.05
	58.06abcAB ±
1.64
	58.16abcA ±
0.95

	BT (%)
	3.30bcB ±
0.31
	3.15bcB ±
0.15
	3.80bcA
±
0.32
	2.85bcAB ±
0.27
	2.98bcB ±
0.36
	3.28bcAB±
0.12
	3.68bcB ±
0.20
	3.75cB ±
0.26
	5.15aA ±
0.27
	3.90bcAB ±
0.26
	3.73bcB ±
0.24
	4.05bAB ±
0.32

	CT (%)
	0.65ab ±
0.05
	0.75ab ±
0.06
	0.93ab
±
0.03
	0.75a ±
0.05
	0.65ab ±
0.06
	0.48ab ±
0.01
	0.79ab ±
0.07
	0.93b ± 0.08
	1.08ab ±
0.07
	0.93b ±
0.07
	0.73ab ±
0.07
	0.53ab ± 0.01


Means bearing different superscripts A, B, C, D, E within same row differs significantly (p<0.05) between the groups, 
Means bearing different superscripts a, b, c, d, e, f, g, h within same row differs significantly (p<0.05) within the groups
Abbreviations: TM: Total Motility (%), PM: Progressive Motility (%), VAP: Average path velocity (µm/sec), VSL: Straight line velocity (µm/sec), VCL: Curvilinear velocity (µm/sec), ALH: Amplitude of lateral head displacement (µm), BCF: Beat-cross frequency (Hz), STR: Straightness of the average path (%), LIN: Linearity of the curvilinear path (%), WOB: Wobble (%), BT: Bent Tail (%), CT: Coiled Tail (%). 







